N-myristoyltransferase 1 is essential in early mouse development.
N-Myristoyltransferase (NMT) transfers myristate to an amino-terminal glycine of many eukaryotic proteins. In yeast, worms, and flies, this enzyme is essential for viability of the organism. Humans and mice possess two distinct but structurally similar enzymes, NMT1 and NMT2. These two enzymes have similar peptide specificities, but no one has examined the functional importance of the enzymes in vivo. To address this issue, we performed both genetic and biochemical studies. Northern blots with RNA from adult mice and in situ hybridization studies of day 13.5 embryos revealed widespread expression of both Nmt1 and Nmt2. To determine whether the two enzymes are functionally redundant, we generated Nmt1-deficient mice carrying a beta-galactosidase marker gene. beta-Galactosidase staining of tissues from heterozygous Nmt1-deficient (Nmt1+/-) mice and embryos confirmed widespread expression of Nmt1. Intercrosses of Nmt1+/- mice yielded no viable homozygotes (Nmt1-/-), and heterozygotes were born at a less than predicted frequency. Nmt1-/- embryos died between embryonic days 3.5 and 7.5. Northern blots revealed lower levels of Nmt2 expression in early development than at later time points, a potential explanation for the demise of Nmt1-/- embryos. To explore this concept, we generated Nmt1-/- embryonic stem (ES) cells. The Nmt2 mRNA could be detected in Nmt1-/- ES cells, but the total NMT activity levels were reduced by approximately 95%, suggesting that Nmt2 contributes little to total enzyme activity levels in these early embryo cells. The Nmt1-/- ES cells were functionally abnormal; they yielded small embryoid bodies in in vitro differentiation experiments and did not contribute normally to organogenesis in chimeric mice. We conclude that Nmt1 is not essential for the viability of mammalian cells but is required for development, likely because it is the principal N-myristoyltransferase in early embryogenesis.